Abstract. The aim of this study was to observe the effect of antisense tissue inhibitor of matrix metalloproteinase-1 (TIMP-1) cDNA on the concentration of hydroxyproline (HYP) and the expression of TIMP-1 and matrix metalloproteinase-2 (MMP-2) in the lung tissue of rats with bleomycin (BLM)-induced pulmonary fibrosis. Sprague-Dawley rats were randomly divided into 5 groups: the control, pulmonary fibrosis model, sense TIMP-1 transfection, antisense TIMP-1 transfection and empty vector transfection groups. For the transfection groups, following the intratracheal injection of BLM on days 1, 3, 7, 14, 28 and 60, the rats were treated with retroviral vectors and sacrificed on day 28. The control and pulmonary fibrosis groups were treated with normal saline at the same time-points. The concentration of HYP and the expression levels of TIMP-1 and MMP-2 in the lung tissue were detected. The HYP concentration and lung tissue TIMP-1 expression levels of the antisense TIMP-1 group decreased significantly on days 1 and 3 compared with those of the empty vector and pulmonary fibrosis groups at the same time-points (P<0.01), but increased significantly in the sense TIMP-1 group (P<0.01). No significant differences were observed in the HYP concentration and TIMP-1 expression levels in the antisense TIMP-1, sense TIMP-1, empty vector and pulmonary fibrosis groups on days 7, 14, 28 and 60. The lung expression levels of MMP-2 in all groups, with the exception of the control group, had no significant differences at all time-points (P>0.05). Antisense TIMP-1 cDNA retroviral vectors are able to suppress the development of pulmonary fibrosis in the early stages.
Introduction
Pulmonary fibrosis has an aggressive course and is usually fatal an average of 3 to 6 years after the onset of symptoms. Pulmonary fibrosis refers to a group of lung diseases characterized by inflammation, fibroblast proliferation and excessive collagen deposition. Although the mechanisms underlying pulmonary fibrosis are not clearly understood, current evidence suggests that it is associated with the deposition of extracellular matrix (ECM) components in the lung interstitium (1) .
Matrix metalloproteinases (MMPs) are a major group of proteinases known to regulate ECM remodeling and so they are hypothesized to be important in the process of lung fibrosis (2) . MMPs and its specific tissue inhibitors of metalloproteinases (TIMPs) have been shown to participate in the parenchymal destruction and repair processes that result in ECM remodeling (3) (4) (5) . The balance between MMPs and TIMPs is critical in tissue repair and remodeling, and its homeostasis is important in the breakdown and deposition of ECM in the lung (6) . Increasing TIMP expression or activation may strengthen the inhibitory effect on MMPs and induce excessive ECM deposition. Conversely, through decreasing lung TIMP expression or activation, excessive ECM may be degraded by increased MMPs, which may relieve pulmonary fibrosis.
Among the MMPs, MMP-2, preferentially secreted by fibroblasts and epithelial cells and mainly suppressed by TIMP-1, has been reported to possess substrate specificity for type IV collagen and is able to degrade basement membrane structures via collagenolytic actions (7) .
Thus, after using the antisense TIMP-1 gene to transfect rats with pulmonary fibrosis induced by bleomycin (BLM), we observed the degree of lung fibrosis and lung tissue expression of MMP-2 to investigate the protective role of antisense TIMP-1 gene therapy. HYP concentration test. A 1-g sample of right lung tissue was added to 9 ml 0.86% saline to prepare a lung tissue homogenate and its supernate was collected for a HYP concentration assay according to the manufacturer's instructions.
Materials and methods

Materials
TIMP-1 and MMP-2 mRNA expression. mRNA was extracted from the lung tissue samples using TRIzol according to the instructions of the manufacturer (Invitrogen, Carlsbad, CA, USA) and RT-PCR was performed according to the instructions of the RNA PCR 3.0 (AMV) kit. An equal amount of cDNA from each sample was amplified using primers specific to each gene (Table I) . DNA amplification was performed using a thermocycler under the following conditions: for TIMP-1, 30 cycles of denaturation at 94˚C for 60 sec, annealing at 51˚C for 60 sec and extension at 72˚C for 90 sec; for MMP-2, 30 cycles of denaturation at 94˚C for 45 sec, annealing at 55˚C for 45 sec and extension at 72˚C for 60 sec; and for β-actin, 30 cycles of denaturation at 94˚C for 30 sec, annealing at 55˚C for 30 sec and extension at 72˚C for 60 sec. The RT-PCR products were measured by photodensitometry using a gel image analysis system following agarose gel electrophoresis and ethidium bromide staining.
Measurement of TIMP-1 and MMP-2 protein expression.
Immunohistochemical analysis was carried out according to the Max Vision kit instructions. Image analysis software (Image-pro plus 6.0) was used to measure the light density of the positive control cells in which the cytoplasms were tan-yellow or brown following 3,3'-diaminobenzidine (DAB) staining. For each section, the positive integrated optical density (IOD) and total area of 5 representative visual fields without overlap were observed under a high-powered microscope (x400). The ratio of IOD and total area represents the mean value of optical density, with a higher ratio indicating a higher level of protein expression.
Statistical analysis. All data were analyzed using the SPSS statistical package version 11.5. The data showed a normal distribution and are expressed as the means ± standard deviation. The responses of the different experimental groups were analyzed using one-way ANOVA. P<0.05 was considered to indicate a statistically significant result.
Results
Results of lung tissue HYP concentration assays.
The HYP concentrations in the lung tissue of the antisense TIMP-1 group decreased significantly on days 1 and 3 compared with those of the empty vector and pulmonary fibrosis groups at the same time-points (P<0.01), but increased significantly in the sense TIMP-1 group (P<0.01). No significant difference was observed in the HYP concentrations of the antisense TIMP-1, sense TIMP-1, empty vector and pulmonary fibrosis groups on days 7, 14, 28 and 60 (Table II) .
Results of RT-PCR analysis.
The lung TIMP-1 mRNA expression levels of the antisense TIMP-1 group were significantly lower on days 1 and 3 than those of the empty vector and pulmonary fibrosis groups (P<0.01), but in the sense TIMP-1 group, the TIMP-1 mRNA expression levels were significantly increased (P<0.01). No significant differences were observed between the TIMP-1 mRNA expression levels in the antisense TIMP-1, sense TIMP-1, empty vector and pulmonary fibrosis groups on days 7, 14, 28 and 60, or between the lung mRNA expression level of MMP-2 in all groups, with the exception of the control group (P>0.05; Table III ). Results of immunohistochemical analysis. The lung TIMP-1 protein expression levels of the antisense TIMP-1 group were significantly lower on days 1 and 3 than those of the empty vector and pulmonary fibrosis groups (P<0.01), but in the sense TIMP-1 group, the protein expression levels of TIMP-1 were significantly increased (P<0.01). No significant differences were observed between the TIMP-1 protein expression levels in the antisense TIMP-1, sense TIMP-1, empty vector and pulmonary fibrosis groups on days 7, 14, 28 and 60, or between the lung protein expression levels of MMP-2 in all groups, with the exception of the control group (P>0.05; Table IV; Figs. 1 and 2 ).
Discussion
Tissue fibrosis is the result of abnormal responses to organ injury or to irritation and is typically characterized by the hyperproliferation of fibroblasts and excessive ECM synthesis and secretion. In pulmonary fibrosis, evidence suggests that the constitutive activation of collagen-secreting myofibroblast-like cells is ultimately responsible for increasing the quantity and concentration of collagen. These cells are able to synthesize and secrete excessive amounts of ECM components, particularly collagens, leading to increased tissue stiffness and progressive organ dysfunction (8) .
MMPs are a major group of proteinases that are known to regulate ECM remodeling and are hypothesized to be important in the process of lung fibrosis. TIMPs control MMP activities and, therefore, minimize matrix degradation (9) . The balance between MMPs and TIMPs is critical in tissue repair and remodeling, and its homeostasis is important in the breakdown and deposition of ECM in the lung. Among the MMPs, MMP-2, preferentially secreted by fibroblasts and epithelial cells and mainly suppressed by TIMP-1, has been reported to possess substrate specificity to type IV collagen and is able to degrade basement membrane structures via collagenolytic actions (7). In our preliminary study, in vitro, sense and antisense TIMP-1 cDNA retroviral vectors were used to transfect mouse fibroblast cells in order to investigate the relationship between pulmonary fibrosis and TIMP-1. The results demonstrated that antisense TIMP-1 cDNA was able to decrease endogenic TIMP-1 expression, increase MMPs activation and then restrain the proliferation of fibroblast cells and reduce the ECM components (10) . Based on the above research, in the current study, we investigated the role of antisense TIMP-1 cDNA in pulmonary fibrosis in vivo by observing the effect of antisense TIMP-1 cDNA on the concentration of HYP and the expression of TIMP-1 and MMP-2 in the lung tissue of rats with pulmonary fibrosis induced by BLM.
HYP is a type of collagen having an unusual amino acid composition, the level of which indicates the total content of collagen and the degree of tissue or organ fibrosis. In our study, the HYP concentrations of the antisense TIMP-1 group decreased significantly on days 1 and 3 compared with those of the empty vector and pulmonary fibrosis groups at the same time-points, but increased significantly in the sense TIMP-1 group. This indicates that the use of antisense TIMP-1 cDNA to transfect rats with BLM-induced pulmonary fibrosis relieves lung tissue fibrosis on days 1 and 3, while sense cDNA aggravates fibrosis at the same time-points, in accordance with the pathological changes in the lung tissue.
Pulmonary fibrosis is characterized by the excessive deposition of ECM in the interstitium resulting in respiratory failure. The turnover of ECM is partially regulated by proteases, including MMPs and their inhibitors. Previous studies have demonstrated that the high expression levels of TIMP-1 and low expression levels or weakened activity of MMPs in lung tissue result in pulmonary fibrosis (11) (12) (13) (14) .
The expression levels of TIMP-1 and MMP-2 in the lung tissue were detected at the mRNA and protein levels in order to investigate the mechanism of the ECM changes in pulmonary fibrosis following transfection by sense and antisense TIMP-1.
In the present study, no significant differences were observed between the lung mRNA and protein expression levels of MMP-2 in the sense-and antisense-transfected groups at all time-points. The results demonstrated that TIMP-1 pref- Figure 1 . Lung protein expression of tissue inhibitor of matrix metalloproteinase-1 (TIMP-1) on days 1 and 3 in the control, pulmonary fibrosis, empty vector, antisense TIMP-1 and sense TIMP-1 groups. The lung TIMP-1 protein expression levels of the antisense TIMP-1 group were significantly lower on days 1 and 3 than those of the empty vector and pulmonary fibrosis groups (P<0.01), whereas in the sense TIMP-1 group, the protein expression levels of TIMP-1 increased significantly (P<0.01). erentially reduced MMP-2 activity rather than expression to degrade ECM following transfection with antisense TIMP-1 cDNA.
We found that the TIMP-1 mRNA and protein expression levels in the lungs of the antisense TIMP-1 group were significantly reduced on days 1 and 3 compared with those of the pulmonary fibrosis group, and in the sense TIMP-1 group, the TIMP-1 expression level increased significantly at these time-points. However, no significant differences were observed in the TIMP-1 expression levels in the antisense and sense TIMP-1 groups on days 7, 14, 28 and 60. It is well known that the cell division of fibroblast cells increases in the early stages of pulmonary fibrosis. Gene carriers, including retroviruses, only transfect cells at the mitotic phase (15) , therefore the expression of TIMP-1 in the lung tissue of the antisense TIMP-1 group decreased on days 1 and 3. In the later stage of fibrosis, no significant therapeutic effect of the antisense TIMP-1 cDNA was observed due to low or no transfection efficiency, resulting from a decrease in the number of cells at the mitotic phase, which means that antisense TIMP-1 cDNA retroviral vector transfection has no ability to reverse the formation of pulmonary fibrosis. The results showed that TIMP-1 expression levels increased following transfection with antisense TIMP-1 compared with those of the controls, which suggests that the progress of lung fibrosis is regulated by several factors; growth factors, cytokines, chemokines and regulators of apoptosis have all been implicated in its progression (16) .
In conclusion, lung fibrosis induced by BLM may be suppressed by transfection with antisense TIMP-1 cDNA retroviral vectors following the intratracheal injection of BLM on days 1 and 3. Moreover, the observation emphasizes that effective therapies for pulmonary fibrosis must be given in the early stages of the disease, prior to the development of expansive lung destruction and fibrosis.
